Purpose To examine the evolution and complications of preretinal hemorrhage under silicone oil after diabetic vitrectomy. Methods A total of 44 cases of primary diabetic vitrectomy with silicone oil infusion were reviewed in a 3-year period. Intravitreal bevacizumab was used preoperatively for cases with active proliferation, and in all cases at the end of surgery. Intraoperative bleeding, postoperative extent of preretinal hemorrhage, blood reabsorption time, and reproliferation and treatment results were assessed. Results Maximal blood distributed in thin and scattered patterns (23 cases), thick and localized patterns (10 cases), or thick and scattered patterns (10 cases) developed within 1 week after surgery, and was largely reabsorbed within a month with improved postoperative vision. Confluent blood extending to the midperiphery (one case) resulted in severe fibrosis and detachment. Complications included fibrotic plaque (two cases), and fibrous band and thick membrane (seven cases). Six cases underwent preretinal tissue removal. Vision improvementZ3 lines was noted in three cases. Conclusion Most of the rebleeding occurred within the first post-op week, with gradual reabsorption in the posterior pole within 4 weeks; widespread confluent bleeding might result in severe reproliferation and detachment. A major complication of preretinal bleeding was the formation of preretinal fibrosis. Re-operation achieved a mild VA improvement.
Introduction
Treatment of severe proliferative diabetic retinopathy (PDR) with broad vitreoretinal adhesion causing severe retinal detachment may require the use of silicone oil for long-term retinal tamponade. [1] [2] [3] [4] [5] [6] Preretinal blood under oil is a common occurrence after surgery, resulting from retained blood at the end of the surgery or from postoperative recurrent bleeding. Because blood and the factors containing within it have been shown to be potent stimuli for cellular proliferation 7, 8 and silicone oil may sequester these proliferation-stimulating factors in the space between the retina and the oil, the presence of blood may become an important factor for peri-silicone oil proliferation, which is a major cause of surgical failure. [9] [10] [11] Our previous study found that around 20% of cases with or without bevacizumab pretreatment had detectable recurrent hemorrhage under oil. 1 Although anatomical and functional outcomes after primary diabetic vitrectomy with silicone oil infusion have been reported, how the preretinal blood under oil evolves and how the amount of blood influences structural changes have not been specifically studied. In addition, the surgical results for complications related to preretinal bleeding have not been evaluated. To better understand the influence of preretinal bleeding on visual prognosis, we undertook a retrospective study to examine the patterns of preretinal hemorrhage, its recurrence, reabsorption, and complications, as well as treatment results of complications.
Patients and methods
From 2006 to 2008, clinical charts of all patients who underwent vitrectomy with primary silicone oil infusion for severe diabetic retinopathy were reviewed. Patients who failed to gain retinal attachment at the end of surgery were excluded from the study. Patients with blood diseases or history of preoperative (within 2 weeks before surgery) or postoperative anticoagulant or antiplatelet therapy (including heparin, warfarin and its derivatives, aspirin, or clopidogrel) were also excluded. The decision for silicone oil infusion was made during the operation. The criteria for oil infusion were: (1) four quadrants of severe proliferation with fibrovascular tissue extending beyond the equator in at least three quadrants and (2) the presence of residual traction or multiple breaks in different quadrants with suspected missed breaks after membrane dissection. In these conditions, we believed that the possibility of redetachment was high without long-term tamponade. All patients were followed up for at least 12 months after surgery. The study was approved by the Ethics Committee/Institutional Review Board of the National Taiwan University Hospital. Informed consent was obtained from each patient before surgery. The same surgeon (C-MY) performed all operations.
Operative techniques
Intravitreal bevacizumab (1.25 mg) was used o1 week before surgery for active cases (defined as the presence of visible large new vessels within the proliferative tissue with fresh preretinal and/or vitreous hemorrhage). The basic surgical techniques are described elsewhere. 12, 13 In brief, a 20-gauge vitrectomy system was set up in every case. Anterior-posterior traction release was attempted first, followed by fibrovascular tissue removal with delamination as the principal technique. Hemostasis was achieved by raising the infusion bottle, applying mechanical compression with a soft-tipped cannula, endodiathermy, or a combination of the above techniques. Blood clots were removed carefully, except those close to the bleeding sites, which were trimmed to small islands. Fluid-air exchange with internal drainage of subretinal fluid was performed through pre-existing or iatrogenic breaks followed by supplementary panretinal photocoagulation extending beyond the equator, peripheral cryotherapy, and silicone oil (5000 cs) infusion. In certain cases, a 3601 encircling buckle was placed to counter possible residual peripheral vitreous traction. Bevacizumab (0.05 mg) in an insulin syringe was injected through an upper sclerotomy just before silicone oil infusion in every case.
After surgery, patients were kept in a prone position overnight and were allowed to lie on either side during sleep thereafter, but maintained a head-down position during waking hours for 2 weeks. Ophthalmological examinations were performed daily for the first 1 week after surgery, then weekly for 4 weeks, biweekly for 1 month, and monthly for at least 6 months. The demographics and clinical findings collected included age, sex, study eye, type and duration of diabetes mellitus, systemic diseases such as hypertension, renal insufficiency, best-corrected visual acuity, intraocular pressure, intraoperative findings, degree of intraoperative bleeding, surgery duration, combined lens extraction, and the use of a scleral buckle. The extent of neovascularization, the severity of retinal traction, and the amount of fresh vitreous hemorrhage before surgery were documented. Data regarding the extent, severity change, and distribution pattern of preretinal blood in the postoperative period, time, duration, and frequency of recurrent vitreous hemorrhage, and duration of follow-up were also compiled.
Intraoperative bleeding was classified into three grades: grade 1, minor bleeding that stopped either spontaneously or by transient bottle elevation; grade 2, moderate bleeding requiring endodiathermy or with the formation of broad sheets of clots extending away from the bleeding site; and grade 3, thick clot formation covering at least half of the posterior pole or interfering with the surgical plane.
14 Postoperative preretinal blood was classified into four grades according to blood thickness and distribution: grade 1, localized or scattered thin layers of clot distributed over one to four quadrants; grade 2, localized thick layers of clot distributed over one or two quadrants; grade 3, scattered thick layers of clot distributed over more than two quadrants; and grade 4, confluent thick layers of hemorrhage involving the whole posterior pole and four quadrants (Figures 1a-d) . Any noticeable increase in preretinal blood was defined as recurrent hemorrhage. The thickness of the blood clot was judged from its color: dark red indicated a thick layer of clot; bright red indicated a thin layer of clot. Maximal amount of preretinal blood was used for grading the extent of hemorrhage. The severity of intraoperative bleeding in each case was graded and agreed upon by two investigators performing the operations together in our group (Yeh and Yang) , as was the severity and distribution patterns of postoperative preretinal hemorrhage (by Yang and Yang). Fundus pictures were taken on the first postoperative day and after rebleeding to the maximal size. Indirect ophthalmoscopy and fundus photography were used to determine the location, size, and pattern of the preretinal blood. Upon disagreement between examiners or in indeterminate cases, measurement of the hemorrhage area on the fundus pictures was performed using the individual disc size as the measuring unit. The severity of intraoperative bleeding, the extent of postoperative preretinal bleeding, blood reabsorption time within the posterior pole and around the disc area, the rate of recurrent vitreous hemorrhage, and the change of best-corrected visual acuity were documented. All visual acuity results were converted to logMAR for statistical analysis. Complications related to preretinal blood were recorded. The classification and data collection were possible because it had been our practice to carefully document the changes by two independent examiners for every diabetic case that had undergone vitrectomy. Posterior preretinal fibrosis formed where previous preretinal blood had been present or had occurred in the adjacent area, and was considered to be a complication of the preretinal blood. Selected cases with such condition underwent further surgery. The indication for operation was macular structural changes by fibrotic re-proliferation with decreased visual acuity, but without extensive retinal atrophy or disc pallor.
Statistical analysis
Continuous variables were presented as mean ± SD. Paired t-test was performed in comparing pre-and postoperative logMAR visual acuity. Statistical analyses of non-continuous variables were performed with w 2 test or Fisher's exact test as appropriate. A multiple lineal regression analysis was performed to determine the significance of the following factors related to the intraoperative hemorrhage: age, sex, active or fibrotic type of PDR, duration of diabetes (o10 years or Z10 years), hypertension, and renal insufficiency. Pre-operative bevacizumab and scleral buckle were also added into another regression model for analyzing the associated factors of postoperative hemorrhage. All of the statistical analyses were performed using STATA 8.2 software (StataCorp LP, College Station, TX, USA). A P-value of o0.05 was considered statistically significant.
Results
A total of 44 cases (44 eyes in 44 patients) were collected, with a male-female ratio of 20 : 24 and an average age of 51.0 ± 8.7 years. Of these, 29 cases were predominantly active and had received bevacizumab injection within 1 week before surgery, while 15 cases had basically fibrotic tissue proliferation. All cases had either mild (25 cases) or moderate (19 cases) intraoperative bleeding. Twelve cases (27.3%) had recurrent hemorrhage. Ten cases had a single episode of recurrent hemorrhage and two cases had a second episode of rebleeding. All recurrent hemorrhages occurred within the first week after surgery. There was no statistical difference between active and inactive cases in recurrent hemorrhage (P ¼ 0.50). Blood reabsorption time (posterior pole and around the disc) was 3.6 ± 1.7 weeks on average. Pre-operative best-corrected visual acuity ranged from light perception to 20/200 (average 1.78±0.21 in LogMAR vision); postoperative best-corrected visual acuity at the end of follow-up ranged from light perception to 20/50 (average 1.51 ± 0.41 in LogMAR vision). The difference was statistically significant (P ¼ 0.0002).
Grade 1 severity of postoperative preretinal hemorrhage was found in 14 cases (48.3%) in the active proliferation group and in 9 cases (60.0%) in the predominantly fibrotic group; grade 2 to 4 hemorrhage was found in 6, 8, 1 cases in the active group and 4, 2, 0 cases in the fibrotic group. The proportion of grade 2 or more severe hemorrhage was 15/29 cases (51.7%) and 6/15 cases (40.0%) in the two groups (P ¼ 0.89).
Clinical observations showed that a scattered thin pattern had complete resolution ( Figure 2) ; grade 2 and 3 postoperative hemorrhage also showed gradual resolution ( Figure 3) . However, some grade 2 (3/10) and grade 3 (6/10) preretinal blood may result in preretinal fibrotic bands (3 cases), thick fibrotic membrane (4 cases) or plaque (2 cases) ( Figure 4) ; the only case of grade 4 resulted in a thick and confluent pattern and ended up with retinal detachment.
The multiple linear regression analysis model revealed that the grade of intraoperative bleeding was only significantly associated with the active type of PDR (P ¼ 0.04), but no factors could be identified to be associated with the grade of postoperative bleeding.
Six of nine patients underwent further membrane removal surgery in an average of 5.2±2.1 months after primary operation. During the operation, proliferative tissues that adhered to major vessels were noted in four cases. Silicone oil was removed in all cases. Anatomic improvement was noted in 5/6; best-corrected visual acuity improved in five of the six cases, and in three of them for more than three lines (Table 1) . No case had recurrent retinal detachment or other complications, such as abnormal intraocular pressure. However, significant recurrent membrane was noted in three cases within postoperative 3 months. An example is shown in Figure 5 .
Discussion
In a silicone oil-infused eye, blood is confined to a limited preretinal space between the retina and the oil. Various cytokines or growth factors derived from the ischemic retina or contained within the blood clots are highly concentrated, greatly enhancing tissue reproliferation. 10, 11 On the other hand, the mechanical effect and the compartmentalization of various factors, including anti-coagulant factors, provided by the oil may possibly have the effect of limiting the frequency or severity of recurrent hemorrhage. 15 In this study, we followed and recorded the evolution of preretinal blood under oil after diabetic vitrectomy to examine its reabsorption pattern and complications. Unlike the conventional concept which holds that preretinal blood almost always induces a thick fibrotic membrane and greatly disturbs vision, 16, 17 our study showed that most Abbreviations: OP, operative; LogMAR, logarithm of minimum angle of resolution; F/U, follow-up; F, female; M, male. *Indicates recurrent epiretinal membrane. Intraoperative bleeding was defined as: grade 1, minor bleeding that stopped either spontaneously or by transient bottle elevation; grade 2, moderate bleeding requiring endodiathermy or with formation of broad sheets of clots extending away from the bleeding site; grade 3, thick clot formation covering at least half of the posterior pole or interfering with the surgical plane. Post-operative preretinal blood was classified into four grades according to blood thickness and distribution: grade1, localized or scattered thin layers of clot distributed over one to four quadrants; grade 2, localized thick layers of clot distributed over one or two quadrants; grade 3, scattered thick layers of clot distributed over more than two quadrants; grade 4, confluent thick layer of hemorrhage involving the whole posterior pole and four quadrants.
preretinal blood would be gradually reabsorbed. We separated preretinal blood into several categories depending on the involved area, distribution patterns, and thickness. Only one case with massive preretinal blood covering the whole posterior pole and extending to the periphery failed to be reabsorbed and resulted in reproliferation with retinal detachment. Significant localized reproliferation was found with increasing rate in grade 2 and 3 preretinal hemorrhage (3/10 and 6/10, respectively). Others might have thin epiretinal membrane (ERM) formation without obvious macular structural changes. These results suggest in the majority of cases that silicone oil may be safely used as the substance for long-term tamponade in primary complicated vitrectomy. Amounts of blood clots during surgery may directly influence the severity of preretinal blood after surgery. Apart from careful intraoperative manipulations, methods have been developed to decrease the intraoperative bleeding during surgery. Presurgical bevacizumab has been shown to decrease intraoperative bleeding in cases with active NV. 1, [18] [19] [20] [21] [22] In this study, all cases with active FVP received intravitreal bevacizumab 3-7 days before operation. In cases with predominantly fibrotic tissue, intravitreal bevacizumab may cause more traction without the benefit of reducing the likelihood of intraoperative bleeding. 23 Some investigators have suggested the use of bevacizumab at the end of operation to reduce postoperative hemorrhage induced by early growth of neovascularization. 24, 25 We injected 0.05 mg of bevasizumab before silicone oil infusion in an attempt to inhibit early postoperative neovascularization. The exact effect of the treatment in a silicone oil-filled eye remains to be studied.
Recurrent hemorrhage under oil manifests itself as fresh preretinal hemorrhagic patches, or as an increase in size and darkening in color of pre-existing hemorrhagic patches. It usually occurs within 1 week after surgery. In this study, more than one-fourth of the cases had recurrent bleeding. Thus, silicone oil cannot completely prevent recurrent hemorrhage; however, it does have the effect of confining recurrent hemorrhage. In our study, recurrent hemorrhage rarely becomes too massive to involve the whole posterior retina and extending into the periphery. Only one case had massive postoperative preretinal hemorrhage. None of our other cases with recurrent hemorrhage ended up with severe reproliferation. These results seem to suggest that patients may be safely followed for spontaneous reabsorption of preretinal blood even if scattered thick layers of clot distributed over more than two quadrants have been observed postoperatively. However, massive confluent hemorrhage involving the posterior pole and four quadrants of the retina may be associated with severe reproliferation and detachment. In such conditions, perhaps early oil removal should be considered.
Although in most cases spontaneous blood reabsorption is anticipated, the area where blood clots were located or were nearby may form the preretinal membrane during follow-up. We believe that these membranes may be either directly transformed from the blood clots or were significantly contributed by the presence of blood clots. The formation of ERM under oil is common after vitreoretinal surgery even without the presence of blood. In this study, we found that important features of ERM under oil associated with blood clot are the propensity of the formation of fibrotic bands and its attachment of the membrane with normal blood vessels. Attempting to remove the tissue with forceps pulling was likely to cause bleeding and render adequate removal of the membrane difficult. Proper ERM removal may result in gradual normalization of the macular structure. However, we found that significant recurrent membrane was noted in half of the operated cases in o3 months, suggesting the persistent, strong, proproliferative microenvironment of these eyes.
Our study is limited by its retrospective nature; however, study bias was kept as low as possible by our careful documentation of the clinical data and our employment of two investigators to evaluate clinical changes. Our study showed that rebleeding under oil after diabetic vitrectomy was not rare; recurrent hemorrhages usually occurred within the first post-op week; except confluent extensive rebleeding, blood clots in the posterior pole were reabsorbed in most cases within 4 weeks; widespread confluent blood carries poor prognosis. Major complications of preretinal blood were the formation of preretinal fibrotic bands or fibrotic plaques. Re-operation achieved only mild VA improvement. Recurrent ERM was frequent. A largescale prospective study may be necessary to confirm our observations.
